ABSTRACT. We aimed at evaluating the effects of different water temperatures on the zootechnical performance of fat snook. The experiment lasted for 60 days, which was conducted in water recirculation systems, and was randomly designed with three treatments and three replicates each, corresponding to three water temperatures (25, 28 and 31°C). A total of 225 fat snook juveniles with a mean weight of 6.45 ± 0.58 g were used, which were fed daily until apparent satiety. Zootechnical parameters were assessed and feeding rates were registered for each tested temperature. Survival rates varied from 96 to 100% among treatments. Higher values of standard and total length, and weight gain were found in 28 and 31°C (p < 0.05). With regard to final weight, final biomass, feed conversion and specific growth rate, no significant differences were observed (p > 0.05). Feeding rates did not differ among evaluated temperatures. The results show that the used temperatures did not negatively affect zootechnical performance of fat snook juveniles.
Introduction
Brazilian marine fish farming began in the XVII century in Pernambuco, and the main produced species were snooks (Centropomus spp.), mullets (Mugil spp.) and mojarras (Eugerres diapterus). The fish farming activity of these estuarine species was performed in ponds that were naturally filled by tides, with little constructive technology, and the aim was to develop commercial farms. However, in the following decades, marine fish farming did not turn out to be a commercial activity in the Northeast region, nor in any other region of the country. The growth of the metropolitan area of Recife (PE) lead several ponds to vanish, which became marine shrimp farms, notably from the 1990s onwards (Cavalli, Domingues, & Hamilton, 2011; Cavalli & Hamilton, 2009) . Brazilian researches were performed with three main species for a long time, which received a lot of attention in the last 30 years: fat snook (Centropomus parallelus), mullet (Mugil brasiliensis) and the sole (Paralichthyis orbignyanus) (Cavalli et al., 2011) . Fat snook is one of the main candidates for Brazilian marine fish farming (Cerqueira & Tsuzuki, 2009 ). This species prefers waters near the coast, estuaries, coastal lagoons and rivers in South America (Lemos, Netto, & Germano, 2006) . The wide area of fat snook occurrence allows this species to tolerate a wide range of temperature variation (15 to 31ºC) (Ferraz, Carvalho, Schafer, Narahara, & Cerqueira, 2011; Rivas, 1986) . Temperature is one of the factors that mostly influences a fish's physiological processes, such as growth, body composition and energy balance. Its metabolic activities are also altered according to thermal variations, increasing in a proportional way to increased temperatures (Fang, Tian, & Dong, 2010; Kır, Sunar, & Altındağ, 2017; Person-Le Ruyet, Mahe, Le Bayon, & Le Delliou, 2004) . Likewise, this pattern influences feed consumption, which also increases along with temperature, as observed by Ferraz et al. (2011) , in fat snook.
As other aquatic organisms, marine fish can be reared in different types of production systems and in opened or closed environments (Liu et al., 2017) . However, depending on the region in Brazil, open systems might be easily influenced by temperature variations throughout different seasons, especially in the South and Southeast. Each species has a temperature range in which it survives and growth occurs normally (Katersky & Carter, 2005; Simon et al., 2017; Xie et al., 2011 ). Yet, growth is maximized only in an optimal range, located within its range of thermal tolerance (Handeland, Imsland, & Stefansson, 2008; Vikeså, Nankervis, & Hevrøy, 2017) .
In this sense, knowing the influence of temperature in food consumption and the importance of supplying adequate quantities of feed, seen that it may represent more the 60% of production costs (Scorvo-Filho, Frascá-Scorvo, Alves, & Souza, 2010) , the aim of this study was to evaluate the effects of different water temperatures on animal performance of fat snook juveniles.
Material and methods
The study was performed in the Laboratory of Aquaculture of the Santa Catarina State University (LAQ-UDESC), Laguna -SC, Brazil. Fat snook juveniles were acquired from the Laboratory of Marine Fish Farming of the Santa Catarina Federal University (LAPMAR -UFSC), where they were produced by induced spawning, according to the protocols described by Cerqueira and Tsuzuki (2009) . Two weeks prior to the experiments, fish were kept in 1000 L tanks disposed in a water recirculation system, at a temperature of 25°C, salinity of 15 g L -1
and a density of 500 fish m -3 , fed with a commercial diet for marine juvenile carnivorous fish (INVE ® ), containing 59% of crude protein, 13% of ether extract and a granulometry of 1.2 mm. Fish were stocked in the experimental systems at 25ºC and acclimatized up to each treatment's temperature with a 1°C increase every four hours.
The experiment lasted for 60 days, which was designed with three treatments, according to tested temperatures, and three replicates each: 24.96 ± 1.07°C (T25), 27.94 ± 1.08°C (T28) and 30.47 ± 1.06°C (T31), maintained with the aid of thermostats. Each experimental device was composed by an independent water recirculation system, with a flow of 500 L h ) was allocated to return the water to the experimental units. Furthermore, fish tanks were daily siphoned, with a water exchange close to 4% of the total volume of each system. In each replicate, 25 fish were stocked (125 fish m 3 ), totaling 225 juveniles, with initial weight, standard and total length of 6.45 ± 0.58 g, 7.47 ± 0.32 cm and 9.44 ± 0.40 cm, respectively.
Daily measures of temperature, dissolved oxygen and salinity were taken twice a day (8:30 and 16:00h), with the aid of a digital multiparameter device (YSI, 55 Dissolved Oxygen Instrument, Yellow Spring -OH, USA). Differently, total ammonia, nitrite, nitrate and orthophosphate levels were determined on a weekly basis, by means of a photocolorimeter (ALFAKIT model AT 100P, Florianópolis -SC, Brazil), while alkalinity was measured by a volumetric titration method (ALFAKIT -2058 and 2460) .
Fish were fed with a commercial diet for marine carnivorous juveniles (INVE ® ) containing 59% of crude protein, 13% of ether extract and a grain size of 1.2 mm, twice a day (10:00 and 15:00h) until apparent satiety. Throughout the experimental period, two biometrics were performed, at 30 and 60 days. Weight and length estimates were determined using a digital scale (accuracy of 0.01 g) and an ictiometer. Animal performance of fish was measured by means of the following variables: survival (%), final weight (g), standard and total length (cm), apparent feed conversion ( FC = consumption of feed/biomass gain), weight gain (g) (WG = inal weight − initial weight), final biomass (g) (FB = inal biomass x survival) and specific growth rate Acta Scientiarum. Animal Sciences, v. 40, e39766, 2018
. Feeding rates were registered for each temperature, determined according to the relation between quantities of weekly supplied feed (satiety) and the biomass in each experimental unit, calculated with the data of initial weight and specific growth rate of each treatment.
After checking normality premises (ShapiroWilk's test) and homoscedasticity of data (Leven's test), the results were submitted to a one-way ANOVA, followed by a Tukey's test for comparison of means of each treatment. All analyses were performed considering a 5% significance level.
Results and discussion
In general, water quality parameters (Table 1) did not present significant statistical differences (p > 0.05) among treatments, and remained within the standards required for the species (Pinho, Brol, Almeida, Mello, Jerônimo, & Emerenciano, 2016) . With an exception of dissolved oxygen, which was higher (p < 0.05) in T25 (24.96 ± 1.07°C) when compared to T28 (27.94 ± 1.08°C) and T31 (30.47 ± 1.06°C), the remaining parameters were statistically similar (p > 0.05) among treatments. Closed aquacultural systems, where there is no water exchange, may present increased concentrations of some compounds in the water, such as nitrogen compounds (Colt, 2006) , an effect that was observed in this study, with increased levels of nitrate and orthophosphate in all evaluated treatments (Figure 1 ). Similarly to the results found in this study, by analyzing the effects of stocking densities (1, 2, 4 and 8 fish L -1 ) of fat snook juveniles in opened salt water circulation systems, Corrêa and Cerqueira (2009) has also found low levels of total ammonia (0.006 ± 0.001), at 25.1 ± 0.90°C, salinity of 35 g L -1
and pH of 7.7 ± 0.2. However, in a study performed by Oliveira et al. (2013) with juvenile of the same species in a static system with 80% of water renewal twice a week, when evaluating different feed rates (3 and 6% per day) and temperatures (25 and 28°C), it was observed that at 25°C and 6% of the fish's biomass per day, total ammonia reached 1.29 mg L -1 . The authors reported that this was probably due to a lower growth performance of fish in comparison to the other tested treatments. These results indicate that even in low temperatures, one must be careful with accumulated ammonia in the system, seen that when it combines with elevated pH (> 8), it becomes toxic for fish; leading to high mortality rates (Ip & Chew, 2010) . Concerning the juveniles' animal performance, survival ranged from 96% (T28) to 100% (T25 and T31), which corroborated with the results reported by Cerqueira and Tsuzuki (2009) ; thus demonstrating that this species may adapt to different water temperatures, with excellent survival rates.
The growth parameters registered at the end of the experimental period are shown in Table 2 . Higher values were obtained for standard length, total length and weight gain (p < 0.05) in treatments T28 and T31. With regard to final weight, final biomass, apparent feed conversion and specific growth rate, these variables did not present any significant difference (p > 0.05) among the evaluated temperatures.
Bendhack, Peczek, Gonçalves, and Baldan (2013), when evaluating the influence of different temperatures (20, 23, 26 and 29°C) in the growth of fat snook juveniles in a water recirculation system, reared at a density of 0.6 kg m respectively. These results demonstrate that the offered rearing conditions ensured that the juveniles presented higher animal performance in all evaluated temperatures, when compared to the aforementioned study. This greater result may be explained by the use of a feed with higher protein level (55%) in relation to the one used by Bendhack et al. (2013) (43.9%) , seen that some carnivorous fish such as the fat snook, demand high protein concentrations. The same trend was found by Tsuzuki and Berestinas (2008) , who tested commercial feeds (shrimp feed with 45% of CP and freshwater carnivorous fish feed with 40% of CP) and different feeding frequencies (1 or 2 daily feeding events) for fat snook juveniles. As result, the authors obtained a mean SGR of 0.9% day -1 in treatments where the fish feed was supplied (40% CP) and 1.25 % day -1 when supplying the shrimp feed (45% of CP). Although weight gain of fish exposed to the lowest temperature was inferior (p < 0.05) (Table  2) , the results indicate an optimal growth of fat snook juveniles at the three tested temperatures, with SGRs above 2% day -1 . This is possibly due to three conceivable facts: i) the species' tolerance to different rearing conditions; ii) the nutritional quality of supplied diets; iii) the adopted feeding protocol (frequency and feeding rate). Reported feeding rates based on the supplied feed up to satiety (Table 3 ), demonstrated that, regardless of temperature, all of them decreased according to the growth of juveniles throughout the experimental period, ranging from 4% of biomass to 2% in 5 weeks (fish of ~ 13g). Thus, this demonstrates that in these experimental conditions, temperature did not influence the quantity of consumed feed in relation to the cultivated biomass, but it did in the stage of fish's growth.
When cultivating fat snook juveniles performance for 40 days in net-tanks, with different feeding rates (1; 1.5; 2 and 2.5% of live weight per day) at 25°C, Barbosa, Neves, and Cerqueira (2011) observed a 100% survival rate in all treatments. The authors recommended the adoption of a feeding rate of 1.7% of the fish's biomass per day, considering fish with approximately 30 g. This rate was similar to what was found in this study, in which a 2% rate was determined regarding live weight per day for juveniles with 21 g, regardless of the adopted temperature. This reinforces that, in such conditions, feeding rate is not directly related to the chosen temperature, and 4 to 2% of the live weight can be used for the evaluated stage, with juveniles of 6 to 22 g. 
Conclusion
The present study demonstrated that the used temperatures did not negatively affect the zootechnical performance of fat snook juveniles, ensuring great performance rates in any temperature from 25 to 31°C.
